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Report No. 6U2/H3 
Watertown Arsenal 
Problem No. D-13 

UNCUSSIOP 
l 
I 

March 20,  igUjJ 

Test cf ?ive H Pl?te* -- 1 Inch Thick Hcllcd Homogeneous Armor 
Welded with Plain Carbon, Low Alloy, and Medium Alloy 

Ferritic Electrodes at Watertown Arsenal 

OBJECT 

To carry out ballistic shock test and metallurgical examination of 
subject plates in order to compare the shock resistance of joints welded 
with the three electrodes and to determine whether a post heat treatment 
of the plate results in any improvement of shock resistance of the welded 
joints. 

SUMMARY OF gSgULTS 

1. The low hardness and inferior nhysical properties of weld deposit' 
made with plain low carbon electrode rev.v;it in inferior ballistic perfov:.- 
ance which is not materially improved by post heat treatment below the 
critical (lOOO0 ?. for 3 hours, air cool). 

2. The improved weld metal properties of joint made with low alloy 
(.ho£ Mn, .38/0 Mo) electrode result in sorewhat improved ballistic per- 
formance. Post heat treatment of welded plate (l000c F. for 3 hours, air 
cool) which tempers excessively hardened structure of rlate metal adjacent 
to root and crown beads and which may to some extent relieve residual 
stress across welded joint, improves resistance of this type joint to 
ballistic shock . 

3. It is indicated that a joint made with medium alloy (2.17/» Mn, 
.85'^ Si, .13^0 Cr, .30'"* Mo) arid welded with suitable technique to avoid 
excessive weld hardening of plate metal may result in a satisfactory type 
of ferritic joint. 

S.  A.  Herres 
1st Lt.,   Ordnance Iept. 

APPROVED;, 
/, 

^ 
H.  E.   Zornig 
Colonel,   Ordnance Dept. 
-irector of Laboratory 
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INTRODUCTION 

The tests described'in this report represent an attempt to obtain 
data in answer to the following questions: 

1. Do joints welded in armor with commercial types of covered plain 
low carbon ferritic electrodes have satisfactory resistance to ballistic 
shock? 

2. What benefit may be obtained by adding small and medium amounts 
of alloy to low carbon weld metal? 

3. Does a draw treatment after welding have any effect on the bal- 
listic shock performance of low alloy ferritic weld metals? 

The size of the H plates used for the test was substandard because 
of limitations of test range facilities. The results, however, are be- 
lieved to be comparable. The number of H plates was limited by the quan- 
-ty of armor plate of the same type composition and processing available 

~'.r these tests. 

TEST KlTSRlALS 

The armor used in making up the H plates for these tests was 1 inch 
thick rolled homogeneous, made by the Great I*Z:e« Steel Corporation, and 
heat treated by*-Siaende-Saw-and Steel Coopany. Chemical composition of 
the plate was approximately: 

C 

.28* 

Plate was quenched ar.d drawn to an approximate hardness of 310 Brinell. 

The welding electrodes used were: Qheml^l Composition of Weld Derosit 

Type        Trade Name       C   Mn   Si   Cr   Mo  Ni  Ti 

Covered Plain 

C Ferritic Murex Fillex ^06 _ .55 „1J  —  — — — 
Covered Low     Lincoln Shield '        
Alloy Ferritic  _ Arc. No. 85      .08 .Uo_ .15  .OU  .38 Nil Nil 
ur-vered Medium *" "Arcor, "^-nganend 
Alloy Ferritic   2 MS .13 2.17 -85  .13  -30 Nil Nil 

* Chor.ical analyses made on pads of veld metal deposited 
on mild steel plate according to Ar..erican Velding Society 
A.S.T.K. Specification AP33-U2T, to ^ive a weld deposit 
unadulterated by plate metal. 

Mn Si P* Mo S P Zr 

.85* .55* .7056 .215« .02$ .028$ .o6£ 

* 
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TEST PROCEDURE 

I^V 

Welding and Heat Treatment 

H plates were welded as follows: 

Plate Electrode 

EP-1 
KF-2 

Plain low carton 
it        it          it 

HF-3 11        ii          it 

HS 5-1 
H35-2 
HM-1 

low alloy 
»           ti 

Medium alloy 

Post Heat Treatment 

None 
Crossbar cracked - rejected without 

"ballistic test 
1000° P. for 3 hours, air cool 
None 
1000° P. for 3 hours, air cool 
None 

The parts for the H plates were flame cut with a 30° bevel after pre- 
heating to U00° P. by heating torch operated manually (temperature checked 
"by Tempil pellets), and the cut surfaces were lightly ground to remove any 
excess scale and irregularities due to cutting. 

Details of welding are given in Appendix A which includes a table of 
all welding data and two sketches showing sequence and deposition tech- 

nique of welding. 

Each plate was assembled by atrapping to a cast iron platen. A root 
opening of l/U inch with the 6o° single V joint hacked up "by a carton steel 
strip l/U x 1-l/H inch (see Pig. A, Appendix A) was used. All welding was 
carried on with the armor preheated to a temperature of 125° to 175° *"• 
The two leg welds of each H plate were completed "before starting to weld 
the crossbar.  The plate was allowed to cool to approximately the 125° to 
175° E. range "between passes on all welds. 

Post heat treatment was carried out on two plates "by furnace heating 
for 3 hours at 1000° ?. followed by an air cool. 

Radiographic Examination 

Following welding, the crossbar weld of each H plate, together with 
a 9*"inch portion of each leg weld adjacent to the junction, was radio- 
graphed to determine whether any cracks and lack of fusion or incomplete 
penetration were present. The walds examined were found to be free from 
these defects. 

It should be pointed out here that the second H plate welded with 
the lew carbon electrode (KF-2), developed a crack in the crossbar weld 
upon completion. There is no apparent reason which can be suggested for 
this occurrence since both HF-1 and KF~3 were welded similarly end no 
cracks developed after welding. 

Ballistic Shock Tests 

The plates were tested at the Watertown Arsenal 100-yard range with 
plates normal to the line of fire. T.?. M^l 37 run. projectiles were used. 

-3- 
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Hits were aimed for the leg welds 3 inches above and below the crossbar 
intersection. 

Metallurgical Examination 

Following "ballistic testing, plates were photographed for visual 
examination and a section was taken through each crossbar weld "by abra- 
sive wheel cuts for macro, hardness, and microexamination as detailed 
below. 

DATA AND DISCUSSION 

Ballistic Test Results 

The results of "ballistic shock tests are given in Table I. These 
tests were made on substandard (18 x 18 x 1 inch) H plates with a 37 mm. 
test projectile. Since the velocities and locations of projectile im- 
pacts varied somewhat from plate to plate, it is necessary to make al- 
lowance for the severity of shock test in drawing; comparisons among the 
five plates tested. 

No data are available for comparison of these results with similar 
plates welded with austenitic electrodes. However, the higher velocity 
of testing, 2000 f/s, represents a fair test for virgin armor of this 
thickness and would be expected to differentiate between satisfactory and 
poor welding procedures with austenitic electrodes. The scope of these 
tests was limited to a comparison of ferritic electrodes in order to in- 
dicate the most promising avenues for future tests and comparison with 
austenitic electrodes on standard H plates, 

Visual Examination 

•Figures 1 through 10 are photographs of front and rear of each plate 
after ballistic testing. 

Kacroexamiaation 

Figure 11 is a photograph of cross section of welded Joint from each 
of the five H plates as prepared for macro examination and hardr.es P survey. 
These specimens were taken through center of horizontal crossbar of each 
H plate. 

Macrophotographs illustrate degree of elimination of heat-affected 
structures in the two specimens which were subjected to the post heat 
treatment of 1000° F. and air cool.  Specimen welded with Arcoe i&nganend 
electrode is seen to have a relatively narrow root opening and rather 
sharp definition of heat-affected zones in plate net«d bordering the weld 

Hardness Surveys 

Vickere-Brinell hardness readings across top, center, and bottom of 
weld cross sections are plotted in Fir°. 12 through lo. 

-U- 
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Figure 12 represents hardness survey of joint welded with plain low 
carbon Murex Fillex electrode.: Maximum hardness in heat-affected zone 
of plate was approximately 355 Vickers-Brinell, as compared with a plate 
metal hardness of approximately 310 and weld metal hardness ranging from 
lU5 to 210. 

Figure 13 rcproncnts hardness survey of joint similar to the above, 
except that it was subjected to a post heat treatment at 1000° F. for 3 
hours with an air cool. The hardness of the heat-affected zone of plate 
lias "been lowered only slightly "by this treatment, and the hardness range 
of the weld and plate metals are apparently unaffected. 

Figure lH represents nardness survey of joint welded with low alloy 
Lincoln Shield Arc No. 85 electrode. Maximum hardness of heat-affected 
zone of plate was approximately U70 Vickers-Brinell at root, 31° at center, 
and UUo near the crown of weld as compared with plate metal hardness of 
about 310 and weld metal hardness ranging from 190 to 2^0. The maximum 
hardness is considered to he excessive and might he expected to have an 
adverse effect on resistance to "ballistic shod:. 

Figure I5 represents hardness survey of joint similar to that of 
Fig. lU, except that it was subjected to a post heat treatment at 1000° F. 
for 3 hours with an air cool. The maximum hardness of the heat-affected 
zone of plate metal was reduced, to approximately 350 Vickers-Brinell, "by 
this treatment. Weld metal and plate metal hardness ranges are apparently 
unaffected "by this heat treatment. 

Figure l6 represents hardness survey of joint welded with medium al- 
loy Arcos-Manganend electrode. Maximum hardness in heat-affected plate 
is approximately U50 Vickers-Brinell near the root, 375 at the center, and 
510 near the crown as compared with plate metal hardness of  3^0 and weld 
metal hardness ranging from 250 - U30. The high weld metal hardness near 
the relatively narrow root is explained by greater carbon pick-up from 
the plate.  There is a ver" pronounced hardness gradient in the plate metal 
(about 200 Vickers-Brinell) between the veld quenched zone immediately ad- 
jacent to the weld deposit and the weld annealed zone at a slightly greater 
distance from the weld. The excessive maximum hardness and the sharp hard- 
ness gradient in the plate metal would be expected to result in a bal- 
listically inferior joint under shock test. On the other land, the higher 
alloy content of the weld metal might result in .renter resistance to pene- 
tration of the projectile or tearing due to the shock of impact. 

^icroexaoination 

Figures 18 through 23 shew typical microetrictures of armor plate and 
weldod joints of each of the five H plates. Photomicrographs were taken 
on the same specimens used for hardness surveys a..d m&croexamination. 
Locations of the photomicrographs are indicated in Fig. 17- 

Figure 18 shows structure of both the ''as welded,r armor plate and the 
armor plate after a post '.eat treat-.er.t c; 1000° F. for 3 hours with air 
cool, at 100 and 1000 magnificatlo.s ir. regions unaffected by welding heat. 
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Structures are acicular tempered martensite, typical of quenched and drawn 
armor plate of the type composition used. There is very slight, if afly, 
evidence of additional tempering in the post heat treated structures. The 
hrilliant white rectangular areas visible in the lower right hand figure 
are zirconium nitride, nonmetallic inclusions, occasionally »«en in Great (   % 
Lakes' armor compositions. 

Figures 19 and 20 include views at 100 magnification of weld metal '••N.v'v 
near the crawu» near the root of weld and at junction of weld and plate .-'-!'-.-V-. 
metal for the joints made with plain carbon Murex Fillex electrode. In •}''". -'•'-]. 
all weld metal pictures, dark areas are precipitated, generally sphe- i   • 
roidized, carbides in a white ferritic "background. The amount of carbide 
in the weld metal depends upon the amount of carbon picked up from the 
plate by the weld metal, a function of the volume of v/eld deposit, and 
the welding technique. The form and distribution of the carbide depends 
upon the alloy content and the cooling rate of the weld deposit, carbides       .   ^ 
being finer and more uniformly dispersed with more alloy and/or faster i   * 
cooling rates. A comparison of Figs. 19 and 20 indicates that heat treat- 
ing at 1000° F. for 3 hours with an air cool did not ^enificantly alter 
the weld metal structure. 

Figure 21, representing micro structures of the low alloy Lincoln 
Shiold Arc Mo. 85 electrode joint, includes an additional view of weld i   % 
metal at center of weld deposit, and a view of the hardened zone of plate 
metal immediately adjacent to the crown of the weld. This latter area is 
seun to be martensitic, a structure of high hardness and strength, but 
low ductility and high stress, which is often responsible for the initial 
failure under ballistic shock. 

Figure 22 represents a joint, similar to the above, which has been 
subjected to a post heat treatment at 1000° F. for 3 hours with an air 
cool. In this weld the martensitic structure ad;"acer.t to the plate has 
been tempered by the heat treatment, eliminating the objectionable hard 
structure. Stricture of veld metal itself has not been significantly 
altered by the heat treatr^nt. 

Figure 23 represents nicrostructurea of a medium alloy Arcf»« Kangan- 
end electrode joint. The weld :netal pictures indicate a much higher 
carbon pick-up fror, the plate. There ic ag?.in a hardened, martensitic 
area in plate metal adjacent to crown of weld which night have adverse 
effect on resistance of joint to ballistic »hock. 

■JSNIBAL CC:ISID2HATICHS 

The plates welded with nlain carbon, Fillex, electrode are shown by 
ballistic tests to be inferior with a tendency to fail through the rel- 
atively soft weld metal deposits. Heat treating for ~ hours at 100CC F. 
and air cooling does not change the structure ncr improve the physical 
rroi^erties of the weld r.etal and consequently dees not improve to any 
appreciable extent its resistance to ballistic ercck. 

-€- 
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The -olates welded with low alloy (.Uop Mn, .}%$> Mo) Shi-eld Are SOT 85 
electrodeChave a weld metal with slightly improved hardness and strength. 
The "as welded" plate has, adjacent to the weld deposit, a brittle heat- 
affected zone which was a cause of fusion zone cracking during "ballistic 
test.  Stress relieving tempers the hardened zone and improves the "be- 
havior cf this joint under "ballistic test. 

/J 

The plate welded with A*«©«-i^anganend electrode, (2.17N Mn, .S^fo  Si, 
.13? Cr, and .30^ Mo) had a weld metal deposit more nearly approaching 
the unvelded plate in hardness and physical properties.  In spite of ex- 
cessive hardness of weld-affected plate adjacent to root and crown "beads 
of weld deposit, the plate stood up very well under ballistic test, which 
unfortunately, because of placing and velocity of shots, was somewhat less 
severe than for some of the other plates. 

It is indicated that a weld deposit of approximately the same alloy 
composition as the armor plate may result in a satisfactory type cf fer- 
ritii weld. Through use of proper welding technique, with attention to 
suitable preheat for laying of root bead?, maintenance of reasonably high 
interpass temperature and suitable placing of annealing beads, the; harden- 
ing of weld-affected plate metal, with attendant tendency toward formation 
of hard crachs, may be reduced, ^here maximum hardness of weld-affected 
plate is excessive, stress relieving or other post heat treatment for the 
purpose of tempering this structure must be considered. 

y 
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TABLE I 

BALLISTIC SHOCK TEST DATA 

(Projectile - 37 i 

Plate Kit        Str.  Vel 

HF-1 1         1999 f/s 

2          1792 f/s 

HE-3 1          1801 f/s 

2          1800 f/s 

H85-1 1          1800 f/s 

2        1795 f/s 

3        1995 f/s 

U        199? f/s 

Egf5-2 1          1805 f/s 

2          1801 f/s 

7.          17fJ? f/s 

EM 

?00C f/s 

179»: 

1801 

IS« 

loC2  f/s 

37 mm.  M51 T.P.   - 100 yards - Normal Impact) 

Remarks 

Hit left leg about 3" above crossbar. Knocked 
out triangular piece of weld and plate. Viele! 
cracked. 

Hit left lug  about 6" below crossbar. Entire 
left leg weld broke. (See Figs. 1 and 2.) 
Plate in two pieces. 

Hit l" left of left leg and 2" above crossbar. 
Slight bulge on back. 

Hit right leg about 5" below crossbar. Com- 
plete penetration with crack in weld. (Sen 
Figs. 3 and k.) 

Hit 1-1/2" left of left leg opposite cros-U.r.. 
Slight bulge. 

Hit right leg about U" "below crossbar. Com- 
plete penetration with crack in weld. 

Hit 2" left of leg weld about 3-l/2" below 
crossbar.  Slight bulge. 

Hit right leg about 2" above crossbar. Knocked 

out triangular piece of weld and plate. Weld 
cracked.  (See Figs. 5 and 6.) 

Hit 2" left of loft leg opposite crossbar. 
Slight bulge. 

Hit 2" left of right log about 7" b<?low cress- 
bar.  Slight bulge. 

Hit on crorsbar 2" left of right let.  Con- 
rlete penetration.  Short cracks in weld and 
plate. 

Tit edge of left leg about 1-1/2" from ed-e of 
rlate.  Crack in fusion zone of weld.  (See 
Figs. 7 and S.) 

Hit at junction of crossbar and left leg. 
Slig'rt tvVe. Few transverse cracks in weld. 

Hit 3" left of right !ef and 5" below cross- 
bar.  Sli -ht bulge. 

Hit er.  ri.;ht ie ; about 1" above crorsrar. 
Sli :ht tulr;e. Crack ir. weld ar.d plate on bad:. 

Hit 1" right of left leg ar.d 5" below cross- 
bar. Transverse crack i■:. weld. (See Figs. 9 
and 10.) 

f/s 

7s 

f/s 
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REPRODUCED M-GOVERNMENT EXPENSE^. 

11/" 

WAHftTOWN  ARSENAL 

FIGURE 7 - FRONT VIEW OF 18 X 18 X I INCH H PLATE ARC WCLDCD WITH SM 
ELECTRODE,STRESS RCLElVED AT ICOC'F FOR 3 HOURS (AIR COOL 

WTN.7I0- 

^lii 

AFTER BALLISTIC TESTINC.   DECEMBER 4 IV«: 1973 
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REPROOUCPD AT GOVERNMENT']■">'Pf,\SE 
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^ 
SINQLC  V   JOINT  WELDED WITH PLAIN  CAR- 
BON  KMOttkiMBMR ELECTRODE.   A8 WCLDED 

'-9' 

'6 
SINGLE   V   JOINT   WELDED  WITH   PLAIN   CAR- 
BON   NWU^MMIX      ELECTRODE.      STRESS 
RELIEVED   AT    IOOO°F   FOR   3   MRS.   AND  AIR 

COOLED 

i ? 

SINGLE V JOINT 

WELDED 

WELDED WITH LOW ALLOY 
IW»»*5 ELECTRODE AS 

C 

»* » 

/ 
•INGLE V JOtAT WELDED WITH LOW ALLOY 
HHWMH  i—<Mh»MtXte     ELECTRODE 
STRESS RELIEVED AT lOOO°F FOR 3 HRS. 

AND AIR COOLED 

• INGLE V JOINT WELDED WITH «MM ?4 
MD  ELECTMOOC.  AS WELDCO 

.•  I 

ITT-j II 1JIII|1I rjTn~[TTT~) 

CROSS SECTION* FROM CR0S8 BAR OF I B" X 18" * I" WELDCO "M" PLATE« 
AS PREPARED FOR MACROCXAMINAT ION - MCF IX, NlTAL - PICRAL ETCH 
JANUARY 4 1043 WTN.121-513 
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nqcRi 13. sijrcuc tr JOIIT WBLDKD WITH PUIK CAR- 
BO» www mm J5LBCTR0DE.; AS WELDED. 

.„.L_ 

•»-<-■«-•- .Xm.r m\. 
*■* »'" -'»'t'"* -■■-•- • - ■■.■-■--■-■■■ 



FIOOTE .lk. :BljMIUt.T:JOXi?. WEEDED .*I*H PLUi: OAR- 
BOIT UÜRKX riLLKX PUCTHCDK.i   STRESS 

- !•    RtfellTBp AT lOOO^IOR; 3 HRF- VW ÄXK 
CuOLED. j. 
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nfcJHE 14.   SINGLE V JQIHT Y3LBED WITH LOW ALLOY 
IifffCW iflW<i»HMt»i#86 ELSQTRODK.  AS 
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FimiHKifi-  SIEGLE. 

• 

 T J0TSI..IgliI}RD.llIfH4kRgDg 
HAHO^^D SIECTHODE-     AS WELDED. 
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SINGLE V JOINT WELDED WITH 
PUIH CARBON MBREX FILLEX 
ELECTRODE.    AS WELDED 

SINGLE 7 JOINT WELDED WITH 
PLAIN CARBON MURE* FILLEX 
ELECTRODE.    STRESS RELIEVED 
AT 1000°F FOR 3 HRS.    AND 

AIR COOLED 

/■ 

SINGLE V JOINT WELDED WITH 
LOW ALLOT LINCOLN 8HIELD ARC 
W ELECTRODE.    AS WELDED 

♦/ 

SINGLE V JOINT WELDED WITH 
LOW ALLOT LINCOLN SHIELD ARC 
#•6 ELECTPODE.    STRESS RELIFVED 
AT 100C°F FOR 3 HRS.    AND 

AIP COOLED 

K-* 

SINOLE V JOINT WELDED "ITH 
ARCOS VAWGAHEND ELECTRODE. 

AS WELDED 

FIGDRE 17.    LOCATIONS OF PHOTOMICRO0RAPH8 
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XIOO l# NITAL XICOO Ig NlTAL 

PLATE NOT STRtSS RELIEVED 
(LOCATION l) 

XIOO i> MI TAL      XICOO 

PLATE STRESS RELIEVCO AT IOCO°r FOR 3 HOURS AND AIR CPOLEP  (l CAT I 

flUURC 16.  MICROliTRUCTURE Of UNArrECTED PLATE i-'F.TAL 

^. • i^d xwawNBMoa iv aianaoadju 

v   ■„   -.   •■   -.    -. '••"•". *"* • • •'■ .•". *V*'-_• *.•   *'••"-"'*«••* V* *•      »  " •  * »      * * « ■  « •   . " * *   » ■   * *  V * »  * • •  . 
>jl   «  ■  I  1 />■ _'■ 1»  1>II_V  II_'■_*■ 



ÄBSS 

;*    /" 'S 

JMHQHM 

;    * . 

I':"':'»'■' 
>' >'. 

■ .      » 

' ". -T-"   «■ v-   • ■ »-   '■•".:   < 

XI 00 1$ NITAL 

MICROSTRUCTURE  OF   WELD  METAL NEAR   CROWN   (LOCATION   2) 

KSfii 

WELD  METAL 
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X l cc 

MICRor.TK^CTLHE   *T   UOJ'.CARY   niTwfFN   n 
(LCCAT.CN A) 
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XIOO l£ NITAL 

MICROSTRUCTURE OF WELD METAL NEAR CROWN  ( LOCATION 6) 

•.*1i 

XIOC IV» NITAL 

MICROSTRUCTURE  OF  WELD  METAL  NEAR   ROOT.        (LOCATION   7) 

WELD  METAL PLATE  METAL 

r 
5 *V*'?$3B 

XI 00 l< NITAL 

MICROSTRUCTURE   AT   BOUNDARY   BETWEEN   PLATt  AND   WELD  fETAL 
[LOCATION   8) v\ „^k  >/ aicN e)      . \ ^<gfc 

FlGURC 20.  SINGLE V JOINT WELDED WITH PLAIN CARBON WMMMMiCX ELECT- DE. 
RELIEVED AT ICCG°F FOR 3 MRS. AND AIR COOLED. 
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XI00 1^ NITAL 

MICROSTRUCTURE OF WELD METAL NEAR 
CROWN  (LOCATION 9) 

XIOO l£ NITAL 

MICROSTRUCTURE OF WELD METAL NEAR 
CENTER OF WELD  (LOCATION ll) 

XIOO 156 NITAL. 

XI CO 1,0   N I T A 

MICROSTRUCTURE OF WELD METAL NE/ 
ROOT  (LOCATICN IC) 

XIOO 

WELD 

if» NIT, 

METAL f*v ;\ •;, 'v' J.: r : # ;ÄÄ ,S# 

">y\'v" 

■v.',-, '<>,"*"».- -:^ 

P>% 

MICRCSTRUCTLRE AT BOUNDARY LF'.T,;EE'. 
PLATE AND VvELP ^ETAl (LOCATION \Z) 

X I 000 r NlTAL 

MICROSTRUCTURE OF HEAT ATFECTCD PLATF INMEOl ATFl Y «r.'ACfNT T' 
(LOCATION   I 3) 
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XIOO \i»  NITAL 

MICROSTRUCTURE OF WELD METAL NEAR ROOT    (LOCATION 14) 

"100 . I* NITAL 

MICROSTRUCTURE OF WELD METAL NEAR CROWN  (LOCATICJ lO) 

PLATE METAL WELD METAL 
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(LOCATION   ID) , 

FiCuRE ?Z.    SINGLE V JOINT wctDro WIT* LOW ALLOY I tnmmmmm 
STUCCS   RELIEVED  AT    IO0O°F   FOR   3   MOLR-.   A- D   «It   C 
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XICO [% NITAL XI00 

MICROSTRUCTURE OF WELD METAL NEAR 
CROWN  (LOCATION 17) 

MICROSTRUCTURE OF WELD METAL NEAf 
ROOT  (LOCATION 16) 

PLATE 
METAL 

mmmm 
MICROSTRUCTURE AT BOUNDARY BETWEEN' 
PLATE AND WELD METAL (LOCATION IQ) 

XIOO \% NITAL XICOO 
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APPENDIX A 

WELDIHG DATA 

Weld 

Legs 

Layer Electrode Dia. Amp, Volts Remarks 

Crosshar 

PLATE HF-1, Electrode in&x  (Straight Polarity) 

1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
8 th 
9th 

1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
8th 
9th 

5/32" 
5/32 
3/16 
3/16 
3/16 
3/16 
3/16 
3/16 
3/16 

5/32" 
5/32 
■*/lb 
3/.,.6 
3/16 
3/16 
5/lb 
>/lb 
3/16 

165 
165 
230 
230 
230 
230 
230 
230 
230 

170 
170 
230 
230 
230 
230 
230 
230 
230 

27 
27 
26 
26 
26 
26 
26 
26 
26 

26 
26 
27 
27 
27 
27 
27 
27 
27 

Single deposit 
I! t! 

Two "beads, side "by side 

Single deposit 
I!       11 

!i II 

II      1; 

I! II 

Two "beads, side "by side 
11        it 11 11     11 

Pack strip (Figure 3) chipped off and ligh-'; ■: at taken out of root to 
sound metal. Two "beads deposited with 3/16" P>ü4**x at 225 Anps. 26 Volts 
to form the Seal Bead. F 

PLATE HF-2, Electrofe Till«x (Straight Polarity) 

Legs 

'•"bar 
Ov) 

sack 

1st 5/32" 
2nd 5/32 
3rd 
4th 

3/l6 
Vl6 

5 th 3/16 
6th 3/16 
7th 3/l6 
8th 3/l6 
9 th 3/16 

1st 5/32" 
2nd 5/32 
3rd 3/16 
4th */l6 
*th Vi- 
6th 3/16 
7th 5/15 
8 th V/lo 
9 th ;^/ib 

strip (Fi^re 3)  c 

165 
165 
220 
220 
220 
220 

220 
220 

l60 
l60 

2c C 

22b 

225 
22b 

) chipped off.  Weld 
crocked too deer to repair by seal bead.  Plat 

2b irvrle deposit 
2b 11               ti 

2c it               it 

23 11               it 

28 ti               ti 

28 n. ... iWO "beads, side by side 
2? II 11           ti       11 n 

28 It 11           n       11 11 

28 II 11           11       11 11 

25 0 Ingle de;1 rsit 
25 11                11 

28 11                11 

28 11                11 

2S 11                11 

27 11                it 

27 Two "beads, side by side 
27 it it           11       11 11 

27 11 11           11       11 1! 

i 1 err "sbar fcur.d to be 
e laid aside. 



Weld 

Legs 

L,fljer Electrode Dia. Amp« Volts Remarks 

i 

F 
►' ■ 

a 

Crossbar 

/' 
LATEST"*,  Electrode JMftwt (Straight Polarity) 

1st 
2nd 
3rd 
Uth 
5 th 
6th 
7th 
8th 
9th 

1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Sth 
9th 

1/8« 

5/32 
Vl6 
3/16 
V16 
3/16 

Vl6 
Vie 
3/16 

i/g» 
5/32 
Viß 
V16 
V16 
3/16 
3/16 
V10 
3/16 

120 
175 
230 
230 
230 
230 
230 
230 
230 

no 
170 
220 
220 
220 
220 
220 
225 
225 

22 Single denosit 
24 it              11 

27 
n               n 

27 
11               11 

27 11              n 

27 "wo bead", side "by side 
27 n        11           n    11 11 

27 11        11           11    11 11 

27 11        11           it    it 11 

18 Single deposit 
29 11               11 

29 11               ti 

29 11               11 

29 1!                       II 

29 Two heads, side by side 
29 ti        it           it    11 11 

28 11        11           11    it n 

23 11        it          it    11 1! 

Backing strip (Figure B) chipped off and light cut taken out of root to 
sound metal. Two heads deposited with 3/l6" JPHtlui at 225 Amps. 25 Volts to 
form the Seal Bead. 

Le^s 1st 
2nd 
"Srd 
V4th 
Sth 
6th 
7th 
8 th 

Crossbar 1st 
2nd 
^rd 
4th 
5 th 
6th 
7th 
Sth 

5/32» 
5/32 
s/32 
5/32 
ch 2 
rV32 
•/32 
5/3? 

s/32" 

5/32 
5/32 
5/32 
5/32 

5/32 
5/32 
V32 

^.oversea re )iarit; n 
145 26 Single depos it 
145 26 11 it 

145 26 Two beads, side by side 
145 26 it        ti 11 11 11 

1U5 26 n        ti 1! ii 11 

145 26 Three    " II 11 11 

145 26 11        11 II 11 n 

140 27 ti        11 II 11 11 

140 27 Single depos it 
140 27 

11 11 

140 27 
11 11 

IU5 26 Two bends,side £y side 
145 2o it        n ti !! 1! 

IU5 26 it        it it II !1 

1U0 27 T.-.ree    " 11 tl 1! 

140 27 M                It 1! :i (1 

Backing strip (Figure 3) chipped off and light cut taken out of root to 
sound metal.  One bead deposited with 5/3?" Shi^i-i-Are-**** ISO Amps. 2b volts 
to form the Seal Bead. 
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Weld 

Legs 

Layer Electrode Dia. 

Crossbar 

Amp. Volts Remarks 

PLATE HS5-2,  Electrode 8liluHI"ftJU #00  (Reversed Polarity) 

1st 
2nd 
3rd 
4 th 
5 th 
6th 
7th 
2th 

1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
8th 

5/32" 
5/32 
5/32 
5/32 
5/32 
5/32 
5/32 
5/32 

53 
5/32 
5/32 
^/32 
5/32 
5/32 
5/32 
5/32 

oil 

145 
1U5 
1U5 
1U5 
1U0 
140 
l4o 
135 

150 
150 

145 
145 
1U5 
135 
135 

26 
26 
26 
26 
27 
27 
27 
2S 

24 
24 
25 
25 
25 
25 
27 
27 

Single deposit 
it     it 

Two heads, side "by side 
tt   11    it  11  tt 

Three 
tt 

tt it tt 

11 it tt 

11 11 tt 

it 11 tt 

Single deposit 
tt 11 

Two heads, side by side 
it        it it       11       tt 

Three " 
11   11 

11 11 it 

it tt tt 

it  it  11 

Backing  strip  (Fijure 3)   chipped off and light  cut taken out of root to 
sound metal.     One head deposited with 5/3?;l  SLirtAJHU.iCg 150 Amps.  26 Volts 
to form the Seal Bead. ' 1 

1/ 
PLATE E-l-1, Electrode Mangancnd-eH€ (Pe-e-rsed Polarity) 

Crossbar 

let 
2nd 
3rd 
4th 
5 th 
6th 
7th 
Sth 

1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
5 th 

Backing strip (Figure 

R/32« 190 
5/32 190 
3/16 245 
3/16 2U5 
3/16 230 
3/16 23O 
V16 2^10 

5/.* 190 

5/32" 190 
5/32 190 
r'/32 190 
3/16 ?4o 
3/16 2hf} 
3/16 24c 
5/^2 1 on 

- J w 

V32 I9O 

ure ~i cr.i-- •jed eff 

22 Sir. »le deposit 
22 it it 

22 M tt 

22 Two b ;ade , side by side 
22 Three 11 ti       tt 11 

22 it !t it       11 11 

22 11 n it       it ti 

21 Four 11 11       it it 

22 Single ieoosit 
22 !l tt 

22 ti 11 

22 Two beads , side by side 
22 (i !l 11       it it 

22 it 1! it       11 ti 

21 Four !! 1!             II it 

21 11 11 II             II ;s 

ff and li'-ht cut taken rut of root to 
sound netal.  (he bead deposited with 5/32" Vanfiwnwnd 185 Aurs. 22 Volts to 
fern the Seal lead. 
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SECTION   A-*. 

X-HOLD DOWN STRAPS. 

TD 

ASSEMBLY OF H-PLATESFOR WELDING 
FIGURE   A 
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la 
A 

« 
B 

TYPICAL 

WELD   METAL DEPOSITION 

FIGURE     B 
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